
Terrestr'al Magnet'sm 

Atmosphert'c Electric't y 
vouxtx SEPTEMBER, 9 t4 3 

THE LOCAL MAGNETIC CONSTANT AND ITS 
VARIATIONS. 

BY L. A. BaueR. 

Good progress has been made by various investigators in 
establishing the relationship between fluctuations of the Earth's 
magnetism and those of the Sun's activity during the Sun-spot 
cycle. The magnetic quantity most frequently used for this 
pur.pose has been the range of the diurnal variationsgenerally of 
the magnetic declination. In connection with a preliminary ex- 
amination of this relationship made five years ago in response to 
an inquiry received from Professor Hale, director of the Mount 
Wilson Solar Observatory, ! had occasion to employ various other 
magnetic quantities. One of these was what is here termed the 
"local magnetic constant," which, under certain assumptions, is 
proportional to the magnetic moment of the Earth, or to the 
intensity of magnetization. The desire was to use for the examina- 
tion a quantity yielding results which might be more readily 
susceptible of a physical interpretation than those generally ob- 
tained. Since there are other investigations in which the need 
arises for a physical quantity, readily calculable, in terms of which 
the magnetic variations examined into may be appropriately ex- 
pressed, and the comparison of their effects thus facilitated, I have 
been indu,ced to Publish some pretimi•y results. 

, 

Foaaunm. 

Suppose that the Earth's magnetic field arose from a uniform 
magnetic systerrr enclosed wholly within the surface, then its 
magnetic potential, V, at any point, _P, outside, will be: • 

• B.•,mr•, L.A. Terr. Mag. vol. 17', p. 8!, or vok 4, pp. 37-40. (The G used in (3) and sub- 
sequently, is the same constant as the c used in my previous papers.) 
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V = •T (g,0 cos u + g,, sin u cos ;k + h,,, sin u sin X) 
Here R is the Earth's mean radius, r is the radius vector from the 
center of the Earth to/', u is the co-latitude counted continuously 
from north to south geographical pole, and X, the longitude counted 
east from Greenwich. g•0, g,•, and h n are proportional to the com- 
ponents of the intensity of magnetization, p, parallel, respectively, 
to the axis of rotation and to two rectangular axes lying in the 
equatorial plane, one of which is in the meridian of Greenwich and 
the other 90 ø East. We have thus, if u,, and X,, are, respectively, 
the co-latitude and longitude of the north end of the axis of the 
assumed magnetic field' 

4 4 4 

g,0 = ,• r p cos un, g,•. = • r p sin u,, cos X,• h,• = .• r p sin u,,. sin X,• (2) 

,/- 4 R: • ,.2 . R a R a M = •- r,o. = g,o = q- g, -t-- h, = = G. (3) 
M is the Earth's so-called magnetic moment as first defined by 
Gauss and G is what is termed' below the "local magnetic constant." 

0 = 7 •' •' = M/•'• (4) 
Let the total magnetic intensity, F, at _P be resolved into the 

three rectangular co-ordinates, X along a meridian, positive towards 
the North, Y along a parallel of latitude, positive towards the 
East, and Z along the vertical, positive towards the Nadir, then 
by partial differentiations of V, remembering the sense in which 
the variables increase, we have' 

R• 

X = - •,.S (g•0 sin u - g• cos u cos X - h• cos u sin X) (5) 
R 8 

Y = -r- x (g,, sin X -- h,, cos X) (6) 

Z = - 2 7i (g,0 cos u + g,• sin u cos X + h,, sin u cos X) (7) 
With the aid of (2) and (3) we then find, if _P be on the surface 
(r = R): 

1Z• RO= H•+• . M= . (8) 

tf = .•/X • d- Y= being the horizontal intensity. 
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Hence, from (4) and (8): 

• I Z2 G = H'-" +• 
H 1Z 

aG=uaH+aZ 

(9) 

These formulm, (8), (9), and (10), as far as known, have not 
been utilized before. It is seen that, Under the suppositions made, 
it is possible to obtain the magnetic constant, or its change, at any 
station for which both H and Z have been measured. But the 

Earth's magnetic field is known not to be of the simple type ex- 
pressed by (1), though as a first approximation it may be regarded 
so. For many investigations into which cosmical relationships 
enter, it appears that (1) is a sufficient approximation. In order, 
however, not to confuse the G derived from (9) with the value re- 
sulting from an harmonic analysis of the magnetic observations 
over the entire Earth, it has been termed the "local magnetic 
constant." By means of this quantity, which would be constant 
over the whole Earth were the latter uniformly magnetized, local 
and regional irregularities can readily and suitably be expressed. 
The letter G has been finally adopted to designate it, first because 
of its association with the Gaussien coefficients, the small g's, as 
shoxvn by (3); secondly, because of.its relation to F, /-/, and Z, 
being of the same dimensions; and thirdly, because with the aid 
of it, as will be seen, the grade of a magnetic variation, or dis- 
turbance, either in space or in time, may be conveniently expressed. 
The geographical variation of G succinctly exhibits the complexity 
of the Earth's magnetic field. Instead of being constant over the 
Earth, as shown it should be in the case of a uniform internal 

magnetic field, it may vary 33 per cent from its average value 
(about 0.324 C. G. S.). 

A change in G may be caused by an external system, or from a 
combination, as is usually the case, of an external and an internal 
system. The d G as derived from (10) must hence be looked upon 
as merely the apparent change in G, not the actual; we might, 
therefore, also call our constant G, the apparent magnetic constant. 
To derive the actual change in G, a laborious harmonic analysis is 
requisite on the basis of data distributed over the whole Earth. 

To recapitulate: The local magnetic constant used in this paper 
is the value derived from supposing the magnetic elements at any one 
station to arise solely from a uniform., sub-surface, magnetic system. 



116 L.A. BAUER [vo•. xlx, No. 3] 

A cha•z•e in this constant, due to the changes in the local magnetic 
elements, periodic .or otherwise, is to be interpreted first only as an 
apparent cha•zge of the e•ztire Earth's field. From the distribution of 
the local changes over the Earth is to be determined the actual change 
of the entire Earth's field. 

With the reservations made, let us now apply our formulm. 
It will be noted that there has been united in one quantity, d G, 
the changes due to both H'and Z. 

CHANGES IN •OLAR ACTIVITY AND IN TERRESTRIAL MAGNETISM. ø• 

The occasion of tlfis investigation, made in 1909, as to the re- 
lationship between solar activity and fluctuations in terrestrial 
magnetism, arose, as has already been stated, from an inquiry 
made by Hale. He wished to know how closely the curves resulting 
from his method, at the time, of measuring the solar activity-- 
by the total area of the bright calcium flocculi seen on the Sun's 
disc•corresponded with the well-known fluctuations in the Earth's 
magnetism. 

He divided the Sun's disc into zones 10 ø wide and determined 

the area of all the flocculi present in each zone. The sum of all 
the zones gave the total area for the date in question, and the solar 
activity was taken to be directly proportional to this area. Since 
the rotation period of the Sun varies with solar latitude, means were 
taken for each zon'e corresponding to the rotation period for that 
zone in order to eliminate the effect of the solar rotation. 

The first curve in the diagram (P1. VI), called "Hale's Solar Ac- 
tivity Curve," is the result obtained from the total area of the 
calcium floccu!i between the solar parallels 40 N. and 40 S., taking 
a mean synodic rotation period of 27.48 days. Hence for the 
period May, 1906, to January, 1909, the curve depends upon 
figures representing, on an arbitrary scale, the average solar activity 
(luring an entire rotation period. 

Now, in view of the contradictory results at times obtained in 
the comparison of Sun-spot curves and terrestrial-magnetic varia- 
tions, it was a matter of no little interest to see whether similar 
contradictions might appear between Hale's measure of solar 
activity and corresponding terrestrial-magnetic activity. It is 
known that while there is, in general,.a fair agreement between Sun- 
spot curves and magnetic curves in which the unit of time is several 

• First paper presented before the American Philosophical Society, Philadelphia, April 24, 
1909. See abstract in Science, N. S. vol. 29, pp. 831-832, May 21, 1909, or Nature, vol. 80, p. 444, 
June 10, 1909. A summary of the chief results, accompanied by the diagram (P1. VI)', was also 
presented before the Brit. Assoc. for Adv. of Science, at Winnipeg, 1909. 
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months or .a year, the agreement is not always so pronounced for 
shorter intervals, for example, that of a month. Then, again, while 
investigations exhibit a linear relationship between the average 
Sun-spot frequencies and the average diurnal ranges for a fairly 
long interval of time, so that one set of phenomena could be directly 
deduced from the other, the same has not been found true of the 
magnitude of the magnetic disturbances, or say of the changes in 
the absolute magnetic elements. In fact, instances may be easily 
cited where the Sun-spot frequency was accompanied by totally 
different quantitative magnetic effects, so that only a qualitative 
relationship appea.red to reveal itself between' solar phenomena and 
the Earth's magnetic storms. 

Since at the time but very few magnetic observatories had pub- 
lished their data for so recent a period as 1906-08, it was necessary 
to restrict the investigation to the information courteously and 
promptly supplied in manuscript by the' Superintendent of the 
Coast and Geodetic SurYey, Mr. O. H. Tittmann, for the magnetic 
obsYrvatories: Cheltenham (Maryland), Vieques (Porto Rico), . 
and Honolulu (Hawaii). The reductions of the observatory records 
for the other two magnetic observatories of the Coast and Geo- 
detic Survey, Baldwin (Kansas) and Sitka (Alaska), had not been 
sufficiently advanced to be used to advantage. 

The magnetic data at any one place besides being subject to 
possible fluctuations to be associated with an increase or a decrease 
of solar activity are affected by causes which I shall call "ter- 
restrial" ones, not necessarily implying thereby that they all 
originate from the Earth itself, but rather that they are due to 
the changes in the relative positions of Sun, Moon, and Earth. 
To get a fair basis of comparison, it was necessary to eliminate 
these terrestrial effects as much as possible. Hence the magnetic 
data were first freed, as far as the available data permitted, of the 
effects of secular drift in the absolute values of the magnetic ele- 
ments and of the seasonal or annual variation having the solar year 
for its period. In all cases the magnetic data plotted are the average 
results for a'calendar month. The unit employed for intensity varia- 
tions is 0.00001 C. G. S. or I y. 

Explanation of the Curves (Plate Vi). 
Curve 1. Hale's Solar Activity Curve. This has already been explained. 
Curve 2. Variation in the Diurnal Range of the Magnetic Declination. As 

is well known, the magnetic elements experience in the course of a day a Well- 
marked variation; the range is the difference between the highest and lowest 
value for the day. This range is subject to a seasonal or annual variation in 



11 8 L. A. BAUER [Vot.. XlX, No. 31 

the course of a year, which, however, has been almost, if not entirely, eliminated 
in the quantities plotted; the curve should accordingly exhibit only a-periodic 
or more or less irregularly-occurring fluctuations. The broken curve is the one 
resulting from the Cheltenham data alone, whereas the full one is tl•e mean of Chel- 
tenham, Porto Rico, and Honolulu; the same remark applies to the curves 3 to 8 
inclusive. 

Curve 3. Variation in the Diurnal Range of the Magnetic Horizontal 
Intensity. This curve, as well as the next, was derived in a similar manner 
to No. 2. 

Curve 4. Variation in the Diurnal Range. of the Magnetic Vertical Intensity. 
Curves 5, 6, and 7 represent respectively the variations in the absolute 

magnetic elements (Declination, Horizontal Intensity, and Vertical Intensity) 
after elimination of the secular and seasonal variations. The declination curve 
(No. 5) depends only upon Cheltenham and Porto Rico, at both of which the 
compass points west of North; in order properly to combine the changes in 
declination at these two observatories, the changes were represented as per- 
centages of the corresponding average ranges (R) multiplied by 100. 

Curve 8. Variation in the Earth's Magnetic Moment or, rather, in the 
Local Magnetic Constant. The curves, 2 to 7 inclusive, represent the magnetic 
data hitherto exclusively employed; in fact most of the investigations are con- 
fined to an examination of the variations in the diurnal ranges (Curve 2) of the 
magnetic elements with solar activity, the question as to the average effect on 
the absolute elements not being generally treated. Curve No. 8 is drawn for 
the first time; the quantities actually plotted are the changes in the local mag- 
netic constant, G, as derived with the aid of equation (10), the unit employed 
being 10-$ C. G.S. M, the apparent magnetic moment, is related to G as shown 
by equation (4). All the curves, with the exception of No. $, have been drawn so 
that the plotted quantities increase algebraically upward: for No. 8 the plotted 
quantities increase algebraically downward. 

Curve 9. This is the curve obtained front Wolœer's provisional Sun-spot 
Numbers. 

Curve !0. Variation in the Monthly Mean of the "Magnetic Character" 
Numbers as compiled by the Magnetic Commission of the International Meteoro- 
logical Conference. 

Preliminary Results. 

1. It will be seen that there is a fairly good general •:orrespondence of the 
solar activity-curve (Hale's or Wolfer's) with all of the magnetic curves, the 
agreement with the latter being, in general, better for the Sun-spot curve than 
for that of the calcium-flocculi. The diurnal ranges in the magnetic elements, as 
well as the changes in the absolute elements themselves, and likewise in the local 
magnetic constant, all appear related in some manner to solar activity. 

2. The general agreement between the magnetic and the solar curves does 
not hold quantitatively for either solar curve-the same change in solar activity 
is not always followed by a similar magnetic increment or decrement, as the case 
may be. The most notable contradiction is exhibited for the period July-Octo- 
ber, 1907. Both solar chrves exhibit highs, whereas all the magnetic curves show 
lows. An absolute correspondence b•tween solar and magnetic curves is perhaps 
not to be expected a priori even though they stood in the direct relation'of cause 
and effect, as they are not a measure of precisely the same quantities. 

3. Doubtless the deduction of most interest, being a novel one, is that 
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derived from a comparison of the solar curves with the changes shown by Curve 
No. 8 in the local magnetic-constant. The latter, as stated, is plotted so that 
ordinates decrease upwards. It is seen that an increase in solar activity is ac- 
companied by a decrease in the local magnetic constant, and this is consistently 
shown by observatories as remote from one another as is Honolulu from Chelten- 
ham. (A similar result has been obtained from an investigation of some special 
magnetic storms, e.g., the very severe one of October 30-November 1, 1903. 
The depressing or diminishing effect of this storm on the local magnetic constant 
continued for fully two months after the apparent subsidence of the storm. This 
fact was announced at the 1908 meeting of the American Association for the 
Advancement of Science held at Baltimore.) 

4. It should not be argued that the apparent diminution in the local mag- 
netic constant implies at once an actual diminution in the strength of the Earth's 
internal magnetic field. This we can not conclude, as yet, for the effect actually 
observed is a resultant one due to the combined changes in the Earth's internal 
and external magnetic systems-/. e., we have the sum of two quantities not as 
yet the individual parts, these being only obtainable from a mathematical analysis. 
All we may say now is that the magnetic effect associated with an increase of 

' solar activity is apparently equivalent, in general, to a dimir•ution in the intensity 
of the Earth's magnetic field, supposing the latter to result primarily (as is actually 
the case) from an internal system of magnetic or electric forces. Which of the 
two parts--whether the internal or the external part-is the more predominant 
or how related to its parent system must be reserved for the future analysis. 

5. To afford some basis of comparison of the possible change in the local 
magnetic constant with solar activity, the following approximate data are given: 
The maximum change shown in the curve, viz., between the dates ebruary 1 [ , 
1907, and February' 1, 1908, attributable to change in solar activity, amounts 
to about 1/1000 part of the value of the magnetic constant, however this may 
be exceeded during the actual progress of individual magnetic storms. The 
average annual change in the local magnetic constant, due to the secular change 
in the magnetic elements, at the three observatories, Cheltenham, Porto Rico, 
and Honolulu, amounts to about 1/800 part of the value. The average 
diurnal variation in the magnetic elements produce a range in the magnetic local 
constant of about 1/1250 part, and the average seasonal or annual variation, a 
range of about 1/2500 part. On account of the diurnal variation, G is, on the 
average, diminished during the daylight hours, the largest negative change oc- 
curring on the average for the year near 11 A.M. 

, 

The investigation will be continued with the aid of the data 
accumulated since 1909. 

ON THE •OLAR RADIATION AND TERRESTRIAL MAGNETISM. a 

Since the preceding investigation of 1909, Abbot's extensive 
observations showing the fluctuations in the values of the solar 
constant of radiation for various years have become available. 
The question arises whether any changes in the Earth's magnetism 
follow the same course as that of the solar constant. 

• The results in thi• section were presented before the Astronomical and Astrophysical 
Society at its meeting i n Evanston, Illinois, August 25-28, 1914. 
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In order to eliminate, as far as possible, the effects attributable 
perhaps to phenomena associated with Sun-spots, the years chosen 
were 1911 and 1912, the latter being the year of Sun-spot minimum 
according to Wol[er's numbers. Volume III, Annals of the Astro- 
physical Observatory of the Smithsonian Institution, contains on 
pp. 111-112, the final solar-constant values (E'0) observed at Mount 
Wilson, California, from June 2, 19!1, •o November 21, 1911, and 
on pp. 122 and 124 will be found some comparative values observed 
at Mount Wilson and Bassour, Algiers, during the summer and 
fall of 1911 and 1912. 

Generally the solar-constant observations are made from about 
7 to 11 A.M. local mean time, the mean value thus corresponding 
to about 9 A.M. The nearest magnetic observatory to Mount 
Wilson is that of the United States Coast and Geodetic Survey 
at Tucson, Arizona, in longitude 29 minutes east of Mount Wilson. 
Accordingly, the mean values of H and Z for the four local hours 
8, 9, 10, and 11 A.M. were found for each day on which there 
were solar-constant values of the grade g•d and above, and 

1 Z• . finally G = H • + • was obtain• • . The mean absolute time 
[or which G applied was thus practically the same as for the solar- 
constant values. In all, 134 days were available for the comparison 
during June 2-November 21, 1911, which were arranged in four 
symmetrical groups, each group containing, on the average, 17 high 
values and 17 low values of the solar-constant. The mean high 
value in each group corresponded in date usually within 2 or 3 days 
o[ that of,the mean low value. Thus was obviated the n•d of 

referring the values of G to a common epoch by applying corrections 
due to secular and seasonal change. Furthermore, all the values 
o[ G applied precisely to the same time of day. 

If Gh is the ¾alue corresponding to a high value of the solar- 
constant and G• to a low value, then the mean difference of the 
67 found for a 1• change in the solar constant * Gn- G• = 
- 1.08 x 10-* C. G. S. = about 1/300 per cent of G. 

The values of the solar-constant showed a range of about 10• 
between highest and lowest values during 1911 and 1912, hence 
the maximum change in the magnetic constant, G, if attributable 
to the change in the solar-constant would be about 1/30 per cent 

• I am indebted to Mr. Tittmann, Superintendent of the Coast and Geodetic Survey, for 
having furnished the Tucsoa observations in advance of publication. 

, • On the average about 1.933 calories per square eentimete• per minute, outside the atmos- 
phere and at the Earth's mean solar distance, 
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of its value. The result found, if correct, is extremely inter- 
esting not only because of its magnitude, but especially be- 
cause increased solar radiation would apparently correspond to 
diminished value of the magnetic constant, i.e., the effect would 
be similar to that caused by heating a magnet, though it is not to 
be inferred at present that the effect is of this nature. 

Next was tested the series of magnetic observations at Pola, 
on the Adriatic, the nearest observatory to Bassour, Algiers. Here 
data for 1911 and 1912 are available. Pola is in longitude 44 
minutes east of Bassour. Again the mean values of H and Z were 
formed for the local hours 8, 9, 10, and 11 A.M. for each day in 
1911 and !912 on which an unquestioned published value of the 
solar-constant is available. As Abbot has not yet published the 
Bassour series fully, there were only about 40 days available for 
the comparison. Precisely the same procedure was followed as in 
the case of the Tucson Observatory. As a third test 12 days were 
taken, August 30 to November 7, 1911, on which the solar-constant 
was observed at both Mount Wilson and Bassour under favorable 

conditions. Five magnetic observatories were selected to whose 
series the test could be readily applied, namely, Potsdam, Pola, 
Cheltenham, Tucson, Sitka, and Honolulu, the same method 
being again followed as for Tucson. 

The average Wolfer Sun-spot number (N) for each of }he three 
tests applied was about 4, being practically the same for the groups 
of high values of the solar-constant, and of low values, i.e., 
Na - Nz = zero about. As a provisional result, subject to modifica- 
tion when the final computations have been made, we may say 
that for the maximum change (10%) observed in the solar-constant 
values, there is apparently a change in the local magnetic-constant 
of about 1/30% of its value, i.e., about ,00•10 x 10 -'• C. G. S., de: 
creased magnetic constant corresponding to increased solar-constant. 

It might be worth while mentioning, as one of the preliminary 
results, that the effect appears to be most pronounced for the 
observatories in the Sun-lit portion of the globe, and seems to be 
reversed for the observatories in the night portion, judging from the 
place where the corresponding solar observations are made. This is 
being looked into further. Anticipating that there might be such 
an effect, the first tests were applied almost wholly for observa- 
tories which were in the daylight zone as judged from the solar 
stations, so that it did not matter materially whether absolute 
time or local time was used. , 

2 
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Since the 1909 investigations indicated that, on the average, 
decreased local magnetic constant was associated with increased 
Sun-spot frequency, and as we have now found that apparently a 
similar decrease occurs in this constant with increased solar radia- 

tion, the presumption might be that increased solar radiation 
corresponds to increased Sun-spot frequency. 

'I':x•L'• 1. Values of the Solar Constant a•zd Sun-spo! Relative .Vumbers. 

Month 

1906 

Abbot Solar-Constant Value• 

1909 1908 

June, 1.94tilj 1.044[l 1.930 Jul)', 1.96• 1.935 1.911 

August,' 1.94211.95211.930 
Sept., 1. 948l 1. 938[1. 908 
Oct., 1.918 1.95111.901 

1910 1911 !Mean 

.933 .93911.937 • 

.913 .91711.928 i 
i•;(2) .93011.9.33 

1 '921jl 9};] i' "9.30 

Wolfer Sun-spot Relative Nos. 

1906 1908', 1909 191t)l19111Mean 
63.2 

103.3 

47.7 

56.! 

17'81 
'57.6 

48.II2 012.3 2. 29.7 
39.513 8114.!3. 392 
90.Sl2 I 11.5 4. 35 4 
86.913 8[26.2l 4. 424 
32.3[5 '4138.31 2. 29 9 

In Table 1 there are given Abbot's mean monthly values of the 
solar-constant (the corrected ones, E'0) as observed at Mount 
Wilson during the years 1906-1911, except for 1907, when no ob- 
servations were made. I have taken only the months June to 
October, for each of which the values are sufficiently numerous to 
admit of obtaining monthly means freed as far as possible from 
the sudden short-period variations. In the second part of the 
Table will be found the corresponding Wolfer's Sun-spot numbers 
(observed values). For the solar-constant, as well as for the Sun- 
spot numbers, the means, as will be seen, have been formed by years 
and months. If we should plot the resulting numbers, it would 
be found that between 1906 and 1909 the solar-constant values 

and the Sun-spot numbers run parallel with one another; there- 
after the former apparently show an increase as the year of minimum 
Sun-spots is approached. On the average, we have.' 

Solar Constant Sun-spot Number 
I, Mean of 1906 and 1908, 1. 943 58.6 

II, Mean of 1908-1911, 1.921 19.8 

Difference, I- i I, +0. 022 '38.8 
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Hence. a change of 100 in the Sun-spot frequency corresponds 
apparently, on the average, for the period 1906-'11, to a change 
of .057, or about 3 per cent, in the solar-constant, which agrees 
with Abbot's provisional value. Judging from the published 
figures, it is possible. however, to have changes of 10 per cent in 
the solar-constant irrespective of the Sun-spot cycle, so that it does 
not necessarily follow that the changes in the two sets of numbers 
will always be identical, as Abbot has himself pointed out. He 
therefore cautiously desires that the precise relationship between 
the two phenomena be left in abeyance at present. 

Several of the years seem to show a seasonal drift, or a run- 
ning down. in ttxe solar-constant values' see, for example, the mean 
values in the seventh column. No' special importance can be 
attached, possibly. to this circumstance until solar-constant values 
have been secured throughout the year for several years. The 
point is mentioned here only because the magnetic constant, after 
a severe magnetic storm or after a period of continued magnetic 
agitation, shows a running down similar to the apparent running 
down of the solar-constant at times after a period of prolonged solar 
agitation. 

We saw that at the maximum a change in the magnetic constant, 
G, of about 10X 10 -• C. G. S. might be associated with such changes 
in solar radiation, as are shown by Abbot's solar-constant values. 
However, during even a moderate magnetic storm G has changed 
100X 10 -n, and during a severe one !000X 10 -s, or 1X10 -'2, or 
by about 1 30 {and even more) of its absolute amount. Magnetic 
storms can nor, therefore, in general, be associated with changes 
in the solar radiation as measured by the solar-constant. 

However, timre is a certain class of magnetic perturbations which 
it may bc well to look into further, namely, the kind to which 
Mr. D. L. Hazard called-attention in Terrestrial Magnetism 
(Vol. 14, 1909, pp. 37-381. In the succeeding volume, 15, pp. 
10-.4, Mi'. R. L Faris brings together the facts of the•e peculiar 
disturbances, which occurred December 28-31, !908. And on pp. 
50-51 of the same volume, 15, I showed that these particular 
disturbances, though sudden in appearance at any one station, 
did not occtlr simultaneously over the globe, but, instead, each 
time the disturbance occurred, only the observatories in the daylight 
zone recorded it. 

The peculiar feature of these disturbances is that the5' were of 
comparatively short duration (about 1/2 to 3/4 of an hour), and 
occurred at times when the inagnetic conditions were otherwise 
calm. As recorded at Cheltenham, Maryland, on December 29, 
1908, there was a steady decrease of horizontal intensity amounting 
to about 36•,, and an increase in the vertical intensity of about 
3•,. Usually the maximum change in H for this class of disturbances 
is less than 203,. The change in the magnetic constant, G, for the 
recorded disturbance at Cheltenham Was 19X 10 -• C. G. S., or 
about 1 ,'1820 part. On the average for the various observatories 

o 
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over the globe the change in G was about 10X 10 -'• C. G. S., hence 
of the amount which .might be associated with a 10 per cent change 
in the solar radiation. It would appear that for this class of dis- 
turbance the change in G may be, as in the case of the diurnal 
variation, of opposite sign in the Northern and Southern magnetic 
hemispheres, which circumstance will be further investigated. 

If the solar radiation really varies in the remarkable manner 
indicated by Abbot's valuable work, and if later investigation 
confirms the fact that there are observable changes in the Earth's 
magnetism, associated with changes of solar radiation, then it is 
not surprising that magnetic observatories should continually be 
recording magnetic perturbations bven on apparently undisturbed 
clays. The most interesting of these are the very small oscilla- 
tions, called by Eschenhagen "elementary waves," and by van 
Bemmelen "magnetic pulsations," forever being recorded even 
during periods of absolute solar calms, if gauged by absence of 
Sun-spots. 

The period of these pulsations may be only a few seconds, • and 
the amplitude a few gammas, or even but fractions of, in H, for 
which element they are most pronounced. The amplitude of G 
might thus be a few units in the 6th decimal C. G. S., corresponding 
to changes in the solar radiation of a few tenths of a per cent 
which, front what has been seen, may be an easily possible fluctua- 
tion. It would take stationary waves, for example, caused by solar 
explosions, to pass back and forth across the Sun's disk about the 
same number of seconds as is at times the average period of these 
magnetic pulsations. In brief, we may possibly find in the oscil- 
latory character of the solar radiation a sufficient cause for the 
Earth's magnetic pulsations. 

SECULAR CIIANGE IN THE LOCAL MAGNETIC CONSTANT BETWEEN 
1900 AND 1910. 

In Vol. 9, 1904, pp. 173-186, of this Journal, I reinvestigated the 
question as to the secular change in the Earth's magnetic moment, 
or intensity of magnetization. I had found, namely, in vol. 8, 
1903, pp. 97-107, that, as far as could be ascertained from the data 
scaled from the magnetic charts, 1840 to 1885, the magnetic moment 
had apparently diminished during this period at the average annual 
rate of about 1/2580 part. The 1904 paper was based not on mag- 
netic charts, but upon freshly-made observations in the accessible 
parts of the globe, between about 60 ø N to 60 ø S, during the period 
1890-1900. As the result of the harmonic analysis of the observed 
secular changes, it was found that the Earth's magnetic moment 
for the region 60 ø N to 60 ø S.investigated, had apparently once 
more diminished, the annual rate of 1/2170 part being practically 
the same as the previous value, based upon the chart-values. 

• E•r succeeded in disclosing even waves of period as small as 0.025 of a second. Terr. 
Mag, vol. 12, p. 12. 
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This question is being once more investigated with the aid, this 
time, of the magnetic constant, G. Table 2 gives the average annual 
change of G in gammas between 1900 and 1910 for certain regions 
as shown by the observatories grouped together. 

TXBLE 2. Average Annual Change in G between 1900 and 1910. 

Region I G dG 

Northern Hemisphere 

I 
II 

II! 
IV 

V 
VI 

VIi 
VIII 

Baldwin, Sitka, Honolulu, 
Toronto, Cheltenham, Vieques, 
Kew, Greenwich, Falmouth, 
Val Joyeux, De Bilt, Potsdam, 
Elro, Munich, Pola, 
Pavlowsk, Katherinenburg, Tiffis, 
Observatories in India and Burma, 
Irkutsk, Tokio, Zi-ka-wei, Hongkong, 

.332 

.341 

.286 

.286 

.294 

.305 

.381 

.362 

•26 
•42 
•7 
•12 
•12 
•13 

+12 
+15 

IX 
X 

XI 

Southern Hemisphere 

Batavia, Melbourne, Christchurch, 
Capetown, Mauritius, Tananarive, 
Rio de Janeiro, Pilar, Orcadas, 

.368 

.277 

.275 

•4 
•94 
•47 

Looking over the figures, d G, in the last column,tit •vill be seen 
that in the regions of the Earth, covered by the listed magnetic 
observatories, the change in G is more often negative. Only in the 
southern and eastern portion of Asia do positive values appear. 
In other words, if a harmonic analysis were made once more of the 
secular change for the portion of the Earth 60 ø N to 60 ø S, we 
might find that G, or the magnetic moment, M, since it is propor- 
tional to G, has diminished, on the average, for the Earth, between 
1900 and 1910. Within a few years the new magnetic charts of the 
Carnegie Institution of Washington will be available, and it will 
then doubtless be possible to settle definitely this interesting ques- 
tion as to whether the Earth, like every other magnet, is steadily 
losing its magnetic energy. 

The Table discloses the fact that the most remarkable change 
is occurring at present in the eastern portion of the Indian Ocean, 
as has been already indicated by the observations made on the 
Carnegie. 7 In this region the annual diminution in G approaches 
0.001 C. G. S., or about 1/300 part, or about the same as that 
caused by a moderate magnetic storm. (See also comparative data 
given in No. 5 of the preliminary results, p. !19). 

? Terr. Mag. vol. 16, p. 136. 


